Agricultural Land-Use Change in Northeastern Asia and Climate Change by OKAMOTO, Katsuo et al.
Agricultural Land-Use Change in Northeastern Asia and Climate Change 
 
 
Katsuo OKAMOTO1, Junko SHINDO1 and Hiroyuki KAWASHIMA2 
1 National Institute for Agro-Environmental Sciences 
2 Graduate School of Agricultural and Life Sciences, University of Tokyo 
E-mail: kokamoto@affrc.go.jp 
 
 
Abstract 
The self-sufficiency of rice in China, which has the largest population in the world, is 100% and Chinese people tend to 
prefer quality over quantity. The total area of paddy field in the northeastern part of China has increased because the 
climate conditions in this region are suitable for cultivating Japonica rice (short-grain rice). Large quantities of 
irrigation water are consumed for cultivating rice. Rainfed rice cropping is possible in places with sufficient 
precipitation, whereas rice cropping in regions with low precipitation is limited in places with easy access to water for 
irrigation. Flatlands are advantageous for rice cropping because of their geographical and social conditions. The eastern 
Heilongjiang province of China was selected as the test area for satellite image analysis. Land use/land cover was 
classified using the Landsat Thematic Mapper (TM) data of 1988 and the Enhanced Thematic Mapper Plus (ETM+) 
data of 2002. According to the statistics of Heilongjiang Province, the total area of paddy field has increased rapidly 
since 1995. On the basis of the 1988 land-use/land-cover classification map, areas suitable for rice cropping were 
determined and compared with the distribution of paddy fields in 2002. Most of the paddy fields in 2002 were changed 
from dry arable lands in 1988. The areas suitable for rice cropping are those with easy access to water for irrigation. 
Moreover, as a result of climate changes, air temperature and precipitation may become unsuitable for the cultivation of 
major cereals in Asia. Conversely, agriculture would affect the environment unfavorably. The major river basins with 
rice-cropping zones from East to Southeast Asia were studied. The possible changes in water quality in the future were 
evaluated. The data used included the river course, land-use/land-cover classification, population, climate, nitrous oxide 
(NOx) emission, and country boundary. Statistical data on rice yield, harvested area, fertilizer usage, food production, 
food consumption and food trade were also used to construct nitrogen load maps. The nitrogen load changes seasonally 
depending on the cropping systems used and the amount of precipitation. In the future, nitrogen discharge from humans 
and fertilizer use will increase along with the increase in population and cultivation intensity. Fertilizer use and NOx 
deposition will also increase along with economic growth. Therefore, the nitrogen concentration in river water will also 
increase. Excessive irrigation and fertilizer use during the dry season will result in the further deterioration of water 
quality, creating nonsustainable ecosystems in river basins. 
 
1. Introduction 
The total area of arable cropland has steadily increased throughout the world over the past 300 years (Ramankutty and 
Foley 1999). This is the reason why food production has increased to sustain the population increase. Consequently, the 
total area of arable land has increased not only in highly productive areas but also in unfavorable areas. 
Asians now represent 55 percent of the world population, and this figure has continued to increase in recent years 
(Figure 1). Farmers in Asia are increasing rice production to sustain the population increase (Figure 2). Large quantities 
of irrigation water are consumed for cultivating rice. Hydrological conditions change according to changes in water use 
in agriculture. Moreover, a paddy field is a source of methane which is one of the greenhouse effect gases (IPCC 1995). 
Moreover, an abrupt change in land use/land cover and a rapid increase in the total area of paddy field have negative 
effects on the ecosystem and environment. 
In this study, the eastern Heilongjiang province of China was selected as the test area and satellite data acquired on 
different dates were analyzed. The changes in the total area of paddy field were examined, and the geographical and 
social conditions of an area to be changed from dry cropland to paddy field were studied. Thereafter, the possible 
impacts of agriculture to the ecosystem and environment were assessed. 
 
2. Rapid land-use/land-cover change in Northeastern China using Landsat TM/ETM+ data 
The self-sufficiency of rice in Asian countries has reached nearly 100%. The self-sufficiency of rice in China, which has 
the largest population in the world, is 100% and Chinese people tend to prefer quality (eating delicious rice) over 
quantity (eating heartily). Therefore, the production of good-tasting Japonica rice (short-grain rice) has increased 
compared with that of Indica rice (long-grain rice). The total area of paddy field in the northeastern part of China, 
where the climate conditions fall within the marginal zone for cultivating Japonica rice originating from the subtropical 
zone, has increased. Heilongjiang is now a major rice bowl in China. This province produces about 560 million metric 
tons of Japonica rice per year, according to the estimates from the statistics of FAO (2004) and USDA (1999). The total 
area of paddy field in Heilongjiang has increased from 2.2 x 103 km2 to 16.5 x 103 km2 (7.5-fold) over the past 20 years 
(Heilongjiang Provincial Bureau of Statistics 2004) (Figure 3).  
 
2.1 Test area of satellite image analysis 
The land-use/land-cover change in the northeastern part of China was analyzed using multitemporal Landsat data. The 
agricultural region (131˚ 35’-134˚ 33’ E, 46˚ 29’-48˚ 24’ N) that extends to the eastern Sanjiang Plain of Heilongjiang 
province in China, which includes Fujin City, Tongjiang City, Fuyuan Prefecture and Raohe Prefecture, was selected as 
the test area (Figure 4). The Heilong Jiang (the River Amur) flows north of this area, the Songhua Jiang flows west of 
this area into the Heilong Jiang, and the Wusuli Jiang flows east of this area. This area has an annual precipitation of 
550-600 mm and is located in a continental monsoon climatic zone. The highest temperature during summer reaches 
22-27 ˚C.  
 
2.2 Data used for satellite image analysis 
The Landsat Thematic Mapper (TM) data acquired on 25th June 1988 and the Landsat Enhanced Thematic Mapper Plus 
(ETM+) data acquired on 24th June 2002 (Path-Row=114-27) were used for the land-use/land-cover classification. In 
the test area, rice seedlings are transplanted simultaneously within a short period from the end of May to the beginning 
of June. At the end of June, the rice plants are still small and the paddy fields are still submerged. At this time, the crops 
planted on dry croplands are also small and the soil surfaces are exposed. 
The 0.5-degree grid cell data of monthly mean air temperature from 1901 to 2000 (Mitchell et al. 2003), were used 
to examine the changes in cumulative temperature for the rice-cropping season from June to September. The 1978-2000 
statistics of the total areas of paddy field and dry cropland derived from the Heilongjiang Statistical Yearbook 2004 
(Heilongjiang Provincial Bureau of Statistics 2004) were used to examine the changes in the wheat area. The 1991-2001 
statistics of the producer prices of rice, wheat and maize in China (FAO 2004), were used to analyze the impact of the 
change in the cultivated crop. 
 
2.3 Method for satellite image analysis 
The Landsat TM data acquired on 25th June 1988 and ETM+ data acquired on 24th June 2002 were assigned 
geographical coordinates using the Lambert Azimuthal Equal area projection (origin=110˚ E, 45˚ N), the spheroid 
WGS84 and the pixel size 30 m x 30 m. The TM/ETM+ data with bands 3 (red), 4 (near infrared), and 5 (middle 
infrared), in which the middle-infrared band was used in distinguishing submerged paddy fields (Okamoto and 
Fukuhara 1996), were prepared for the land-use/land-cover classification. These data were classified by the ISODATA 
method, in which 30 initial classes, 2σ class radius, and 98% convergence limit were used as parameters. The portions 
of misclassification in the land-cover maps for 1988 and 2002 were corrected by viewing interpretations of composite 
images, in which bands 5, 4 and 3 of TM/ETM+ data are shown as blue, green and red, respectively. Land-cover classes 
were reclassified into the following 12 classes: paddy field submerged, paddy field overgrown, bare dry cropland, dry 
cropland overgrown, bare ground, grassland, woodland, wetland, water, built-up, shade and shadow, and clouds.  
The land-use/land-cover changes between 1988 and 2002 were examined by overlapping the1988 and 2002 
land-cover maps. Five-hundred- and 1,000-meter buffers around a water source were defined as the water availabile for 
irrigation. The areas within 500 and 500-1,000 meters from a water source, which included paddy field, wetland and 
water, were extracted. The land-use/land-cover changes between 1988 and 2002 were examined in terms of the distance 
to a water source.  
 
2.4 Land-use/land-cover change 
According to the Heilongjiang Statistical Yearbook 2004 (Heilongjiang Provincial Bureau of Statistics 2004), the total 
area of paddy field increased rapidly during both the mid-1980s and mid-1990s (Figure 3). The land-use/land-cover 
maps are shown in Figure 5. According to the results from a comparison of the land-use/land-cover map of 2002 with 
that of 1988, the total area of paddy field in the test area increased from 166 km2 in 1988 to 3,925 km2 in 2002, that is, it 
increased 23.6-fold (Table 1(a), Figure 6). The total area of dry cropland in the test area decreased from 11,065 km2 in 
1988 to 8,988 km2 in 2002, that is, it decreased by 19%. However, the total area of arable land, which included paddy 
field and dry cropland, increased from 11,231 km2 in 1988 to 12,913 km2 in 2002. On the other hand, the total area of 
wetland decreased from 3,260 km2 in 1988 to 21 km2 in 2002. The total areas of woodland and grassland decreased 
from 15,274 km2 in 1988 to 13,447 km2 in 2002. Of the 3,925 km2 of paddy field in 2002, 96.5 km2 was also classified 
as paddy field in 1988; however, 2,523 km2 was classified as dry cropland in 1988, 509 km2 grassland, 485 km2 
woodland, and 281 km2 wetland. It was assumed that wetland had been easily changed to paddy field because of its 
proximity to rivers. However, only 9% of wetland in 1988 had been changed to paddy field in 2002, whereas 40% of 
wetland in 1988 had been changed to dry cropland in 2002. That is, the total area changed from wetland to paddy field 
was smaller than that from wetland to dry cropland. 
The total area of dry cropland, grassland and bare ground within 500 meters from a water source was 10,539 km2 
and that within 500-1,000 meters from a water source was 5,164 km2 (Table 1(b), Figure 7). In 2002, 2,650 km2 of 
paddy field was located within 500 meters from a water source, whereas 690 km2 of paddy field was located within 
500-1,000 meters from a water source. 
These results suggest that most wetlands in 1988 were reclaimed and changed to dry cropland in 2002, whereas a 
part of the reclaimed wetland was changed to paddy field. It is possible that the abrupt increase in the total area of 
paddy field between 1988 and 2002 resulted from the conversion of dry cropland, which was favorably situated near a 
water source, to paddy field. 
The Landsat TM/ETM+ data, which were used in this study, for 1988 and 2002 were acquired on 25th June and 
24th June, respectively. As Heilongjiang is a granary of spring wheat and maize, it was concluded that the land-cover 
class “dry cropland overgrown” was cultivated with spring wheat and “bare dry cropland” was cultivated with maize, 
referring to a cropping calendar. According to the land-use/land-cover maps, the total area of bare dry cropland was 
6,063 km2 and that of dry cropland overgrown was 5,002 km2 in 1988, whereas the area of bare dry cropland was 8,988 
km2 and that of dry cropland overgrown was 0 km2 in 2002 (Table 1(a)). These results suggest that farmers, who 
cultivated spring wheat in those croplands, stopped wheat cropping and changed their dry cropland to paddy field. 
 
2.5 Climate impact and probable socioeconomic impact on land-use change 
Temperature and precipitation are natural factors that have an impact on cereal cropping. The cumulative temperatures 
of the rice-cropping season (June through September) in 1901-2000 are shown in Figure 8. All the cumulative 
temperatures at Harbin City, Jiamusi City and Qianjin Prefecture were just above the lower limit for cultivating 
Japonica rice and were nearly constant through the 21st century. On the other hand, the test area has geographically low 
and flat features. The level of groundwater is high and the cropland in the test area is favorably situated near a water 
source. Consequently, it is surmised that climate conditions, such as temperature and water, did not cause an abrupt 
increase in the total area of paddy field. 
The producer price and consumer price related to cereal demand are socioeconomic factors that have an impact on 
cereal cropping and land-use change. According to the Heilongjiang Statistical Yearbook 2004 (Heilongjiang Provincial 
Bureau of Statistics 2004), the total area of paddy field increased rapidly in both the mid-1980s and mid-1990s (Figure 
9). In particular, the total area of paddy field in the mid-1990s increased markedly. The producer prices of rice, wheat 
and maize in China from 1991 to 2001 are also shown in Figure 9. These three producer prices are not corrected 
according to inflation. An abrupt increase in the total area of paddy field from 1996 to 1998 followed a sudden increase 
in producer price. In 1994, the Chinese Government increased the purchase price of cereals by 40% (Chien, X., personal 
communication, 22 November 2004). The prices shown in Figure 9 are the mean producer prices in China. The 
producer price of wheat produced in Heilongjiang is lower than that of wheat produced in other provinces because the 
quality of wheat produced in Heilongjiang is lower than that of wheat produced in other provinces. The producer price 
of rice produced in Heilongjiang is higher than that of rice produced in other provinces because the price of Japonica 
rice produced in Heilongjiang is higher than that of Indica rice produced in the southern provinces. Therefore, the 
difference between the producer prices of rice and wheat produced in Heilongjiang is larger than those shown in Figure 
9. Consequently, it is probable that the high producer price of rice in comparison with the producer prices of other 
cereals, is one of the strong motivations for converting dry cropland to paddy field. 
 
3. Impacts of agriculture on environment 
The population in Asia has steadily increased, as mentioned earlier, and both irrigated cropland total area and 
agricultural production have also increased to sustain the population increase (Figures 1 and 2). The effects of these 
changes on the environment are considerable.  
The use of nitrogen (N) fertilizer, for example, has increased more than eightfold since 1961 (Figure 10), posing 
considerable problems for water quality. Japan now uses an average of 100 kg of N equivalent per hectare (ha) of 
farmland, whereas farms in China and Western Europe use more than 100 kg ha-1. The average yield per unit area in 
Western Europe is 10 t ha-1, whereas that in China is only about 5 t ha-1. This means that the N fertilizer used in China is 
released into the environment at a faster rate than that in Western Europe (Kawashima and Okamoto 1999). 
In Southeast Asia, the average usage is 70 kg of N ha-1 (Kaewthip et al. 2003). In some areas in China 500 to 1,900 
kg of N ha-1 is consumed (Zhang et al. 1996). In Japan, 400-1,560 kg of N fertilizer is consumed per hectare (Tokuda 
and Hayatsu 2001).  
The nitrogen load from fertilizer has a considerable impact on water quality (Okamoto et al. 2003). The rapidly 
increasing nitrogen load from fertilizer may even have impacts on the environment and climate through changes in 
vegetative biomass (NPP: Net Primary Production) and nitrous oxide (N2O) emission. We constructed a nitrogen load 
map on the basis of measurements of nitrogen concentrations in major river basins in the eastern part of Asia. 
 
3.1 Test sites for impact analysis of agriculture on environment 
Major river basins from East to Southeast Asia were selected as test sites. The major crop in these test sites is rice. Rice 
production in these regions represent 90% of that in the world. The test sites are located 30-150° E longitude and 90° 
N-12° S latitude. The test sites included the river basins of Amur, Huanghe (Hwang Ho, Yellow), Chang Jiang (Yangtze), 
Xi (Hsi, Pearl), Red (Hong Ha, Hungho), Mekong, Chao Phraya (Mae Nam) and Irrawaddy in the eastern part of Asia 
(Figure 11). 
 
3.2 Data for impact analysis of agriculture 
The 0.5° version of the Total Runoff Integrating Pathways (TRIP) data (Oki and Sud 1998) was used to determine river 
courses in test areas. The global 1-km land-cover data set DISCover (Belward et al. 1999) was used for the 
land-use/land-cover classification of test sites. 
The population data of Asia and the Russian Federation (Dao and Eckert 1998, Deichmann 1996) and the statistical 
data on food consumption and food trade (FAO 2004, National Bureau of Statistics 2000) were used to calculate the 
nitrogen load from humans. The statistical data on fertilizer use and food production (FAO 2004, National Bureau of 
Statistics 2000) were used to calculate the nitrogen load from the agricultural sector. The amounts data of NOx emission 
from the Center for Global and Regional Environmental Research (CGRER) and University of Iowa (Bouwman et al. 
1995) were adopted for estimating the nitrogen load from the industrial and economic sectors. The monthly mean air 
temperature and monthly mean precipitation from the mean 1961-1990 climatology values (New et al. 1999) were used 
for calculating the amounts of available water and discharged water in each river basin. The results from a simulation 
study (Shindo et al. 2003) were summarized for each river basin. They were also summarized for countries or provinces 
in China, using the country boundary data from the World Boundary Databank (CGER 1994) and the provincial 
boundary data of China (LREIS 1996). 
 
3.3 Method of impact analysis of agriculture 
The land-use/land-cover areas from the DISCover (Belward et al. 1999) were reclassified into eight categories: irrigated 
paddy field, rain-fed paddy field, irrigated cropland, rain-fed cropland, woodland, grassland, other land-use/land-cover 
and water. The typical cropping season of rice in the test sites for each country was determined by referring to Country 
Rice Facts (Crop and Grassland Service 2000) and Major World Crop Areas and Climatic Profiles (World Agricultural 
Outlook Board 1994) (Table 2).  
Using the results from a simulation study (Shindo et al. 2003), the changes in the amount of nitrogen discharged 
artificially were discussed. The model is based on some assumptions on N discharge. The rate of nitrogen discharge 
from cropland depends on the cropping systems used. For a single rice cropping, nitrogen is discharged from a paddy 
field at the rate of 2:1:1 from May to July. For the rice cropping in rotation with wheat, one-half of the annual amount of 
nitrogen consumption is discharged for rice cropping at the rate of 2:1:1 from May to July, and the rest is discharged 
equally from October to April. For double rice cropping, nitrogen is discharged at the rate of 2:1:1 from April to June 
and from August to October. For triple rice cropping, nitrogen is discharged equally every month. From upland cropland, 
nitrogen is discharged equally every month. Nitrogen from livestock and humans is discharged equally every month. 
NOx is emitted and deposited equally in the same grid cell every month.  
The model mainly consists of two sectors, that is, humans and agricultural land. Humans take in nitrogen from 
agricultural and marine products such as meat, fowl, eggs and fish, and discharge nitrogen into agricultural land and the 
environment. Nitrogen is deposited into agricultural land by biological fixation and fertilizer use, depending on the 
cropping systems used, and is discharged from agricultural products. Agricultural products, particularly cereals, are 
eaten in by humans and livestock. Livestock takes in nitrogen from cereals and discharges nitrogen into agricultural 
land and the environment. Livestock meat is eaten by humans. Agricultural and marine products such as meat, fowl, 
eggs and fish are traded between countries. The above basic figures were distributed equally into countries or provinces. 
The amounts of nitrogen discharged from arable land and humans in major river basins from 1970 to 2050 were 
summarized. 
 
3.4 Changes in nitrogen load from fields and humans from 1970 to 2050 
The nitrogen load using the results from a simulation study (Shindo et al. 2003) was evaluated. The amount of nitrogen 
discharged from arable land and that from humans were summarized for major river basins (Table 3). In East Asia, that 
is, the basins of the Amur River and Huanghe River, the nitrogen concentration of river water increased with an increase 
in the amount of nitrogen load. These river basins have low precipitation and denitrification rates due to a low 
temperature (Okamoto et al. 2003). The efficient use of these water resources is important for sustainable agriculture in 
these river basins. In Southeast Asia, that is, the basins of the Chao Phraya River and Mekong River, the present 
nitrogen concentration of river water is low due to a high denitrification rate (Okamoto et al. 2003). However, the 
nitrogen concentration of river water in these river basins will increase as nitrogen load was predicted to increase further. 
It is feared that the nitrogen concentration will increase during the dry season. The use of these water resources must be 
efficient for sustainable agriculture. 
In 1970, the amount of nitrogen discharged from humans in each river basin was larger than that from arable land 
(Table 3). The amount of nitrogen discharged from humans increases with population growth. The amount of nitrogen 
discharged from arable land increases rapidly with an increase in fertilizer use due to economic growth. The rate of 
increase in the amount of nitrogen discharged from arable land is incomparably larger than that from humans. In 2000, 
the amount of nitrogen discharged from arable land increased, which is larger than that from humans, except that from 
the Irrawaddy River basin. In 2050, the amount of nitrogen discharged from arable land in most river basins is predicted 
to increase markedly, compared with that from humans. Rivers flowing in Southeast Asia are generally abundant in 
water due to a high precipitation. Nitrogen discharged from humans and arable land is diluted by abundant water. 
However, it is feared that nitrogen concentration will increase in the basins of the Amur River and Huanghe River due 
to a low temperature or a low precipitation. It is also feared that the water quality in these river basins will deteriorate 
due to the overuse of irrigation water. 
Humans and farmlands occupy very important positions within the nitrogen flow, both discharging nitrogen 
directly to the environment. Humans take in nitrogen from crops and discharge it back to agricultural land and the 
environment. Nitrogen is deposited in farmlands by biofixation and fertilizer use, and is discharged in crops. From this 
model of nitrogen flow and environmental load in food production, our group simulated the nitrogen load and nitrogen 
concentration of water at test sites from 1970 to 2050 (Figure 12). The nitrogen load increased rapidly in the northern 
part of China from 1970 to 2000. Over the next half century, the nitrogen load will continue to increase in China, 
Vietnam, and the Philippines. The nitrogen concentration in river water has also increased in Northern China, and will 
continue to increase. The nitrogen load increases in other parts of the world will probably be minimal. The increases in 
Northern China are the expected result of changes in climactic conditions, namely, poor precipitation and a low rate of 
denitrification due to the low temperature in this river basin.   
 
4. Conclusions 
The Landsat TM/ETM+ data collected over the northeastern part of Heilongjiang, acquired in 1988 and 2002, were 
classified and the changes in the total area of paddy field were examined. The total area of paddy field increased from 
166 km2 in 1988 to 3,925 km2 in 2002. The total area of arable land, which included paddy field and dry cropland, 
increased from 11,231 km2 in 1988 to 12,913 km2 in 2002. On the other hand, the total area of wetland decreased from 
3,260 km2 in 1988 to 21 km2 in 2002. Of the 3,925 km2 of paddy field in 2002, 2,523 km2 was dry cropland in 1988. It 
was assumed that wetland had been easily changed to paddy field because of its proximity to rivers. However, most 
wetlands in 1988 were reclaimed and changed to dry cropland in 2002. It is possible that an abrupt increase in the total 
area of paddy field between 1988 and 2002 resulted from the conversion of dry cropland, which was favorably situated 
near a water source, to paddy field. 
The cumulative temperatures of the rice-cropping season in 1901-2000 were just above the lower limit for 
cultivating Japonica rice and were nearly constant through the 21st century. Therefore, temperature did not probably 
cause the abrupt increase in the total area of paddy field. 
An abrupt increase in the total area of paddy field from 1996 to 1998 followed a sudden increase in producer prices. 
In 1994, the Chinese government increased the purchase price of cereals by 40%. It is probable that the high producer 
price of rice, compared with those of other cereals, is one of the strongest motivations for converting dry cropland to 
paddy field. 
Hydrological conditions change according to changes in water use in agriculture. It is also considered that a sudden 
change in hydrological conditions and land-use/land-cover negatively affects the ecosystem and environment. 
Nitrogen load is predicted to increase from 1970 through 2050. This trend is clear in the eastern part of China, 
Vietnam and the Philippines. The reason is that N fertilizer usage is increasing. The concentrations of nitrogen (NO3-N) 
are also predicted to increase from 1970 through 2050. This trend is clear in the northern part of China. The reason is 
that N fertilizer usage is increasing and this region has a low precipitation. The nitrogen load from farmlands will be far 
higher than that from humans (settlements), with increasing N fertilizer usage and economic growth.  
Thus, agriculture has a negative impact on the ecosystem, from the viewpoint of nitrogen cycle. It is feared that the 
ecosystem will be affected more severely. Therefore, we suggest that the use of water resources and fertilizer must be 
efficient for sustainable agriculture. 
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Figure 1    Population in Asia and the world. 
Source: FAOSTAT Home Page (FAO 2004) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2    Rice production in Asia and the world 
Source: FAOSTAT Home Page (FAO 2004) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3    Changes in total areas of paddy field and dry cropland in Heilongjiang, China 
Source: Heilongjiang Statistical Yearbook 2004 (Heilongjiang Provincial Bureau of Statistics 2004) 
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Figure 4    Test area: Eastern Sanjiang Plain, Heilongjiang Province, China (Map is cited from UT Library Online 
(2001) and is modified) 
 
(a) 25 June 1988 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) 24 June 2002 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5    Land-use/land-cover maps; (a) 25 June 1988 and (b) 24 June 2002. 
 
 
 
 
 
Table 1    Total areas of land-use/land-cover in 1988 and 2002 
(a) Changes in total areas of land use/land cover between 1988 and 2002 
2002 ∖ 1988 C 1 C 3 C 4 C 6 C 7 C 8 C 9 Total
C 1: Paddy Field Submerged 97 1,740 783 509 485 281  30  3,925 
C 3: Bare Dry Cropland 26 2,565 1,812 1,480 1,702 1,304  98  8,988 
C 4: Dry Cropland Overgrown 0 0 0 0 0 0  0  0 
C 5: Bare Ground 17 588 547 372 365 492  104  2,485 
C 6: Grassland 17 902 1,540 2,079 51 1,097  155  5,847 
C 7: Woodland 0 0 0 0 7,600 0  0  7,600 
C 8: Wetland 0 0 0 1 2 9  8  21 
C 9: Water 4 0 0 0 41 0  580  626 
C 10: Built-up 2 219 273 58 96 32  22  701 
Total 166 6,063 5,002 4,556 10,718 3,260  1,014  81,316 
 
(b) Changes in total areas of land use/land cover between 1988 and 2002 in terms of distance from water source 
2002 ∖ 1988 C 1 C 3 C 4 C 6 C 7 C 8 C 9 C13 C14 C15 C16 Total
C 1 97 48  18  16 84 279 30 11 2 2,650  690  3,925 
C 3 26 631  436  421 538 1,293 98 285 91 2,871  2,298  8,988 
C 4 0 0  0  0 0 0 0 0 0 0  0  0 
C 5 17 71  66  60 132 481 104 28 22 1,057  448  2,485 
C 6 17 285  315  380 50 1,014 155 0 269 2,288  1,066  5,847 
C 7 0 0  0  0 5,436 0 0 454 112 1,152  446  7,600 
C 8 0 0  0  0 1 8 8 0 1 3  0  21 
C 9 4 0  0  0 14 0 580 0 0 27  1  626 
C10 2 34  39  8 22 31 22 9 4 359  170  701 
Total 166 1,075  881  891 6,601 3,149 1,014 793 509 10,539  5,164  81,316 
The changes in the total areas of classes “C2: paddy field overgrown” in 1988 and 2002, and “C5: bare ground” and 
“C10: built-up” in 1988 are 0 km2 and are thus omitted. The class “C13” denotes isolated woodland, “C14” isolated 
dry cropland, grassland, bare ground and wetland, “C15” regions within 500 meters from a water source, and “C16” 
regions within 500-1000 meters from a water source. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6    Changes in total areas of land-use/land-cover from 1988 to 2002 
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Figure 7    Changes in total areas of land-use/land-cover from 1988 to 2002 in terms of distance from water source: 
Class “C14: isolated space” is a class of isolated dry cropland, grassland, bare ground and wetland. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8    Cumulative temperature changes in Heilongjiang from 1901 to 2000 
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Figure 9    Changes in total area of paddy field in Heilongjiang and producer prices of rice, wheat and maize in China 
Source: Heilongjiang Statistical Yearbook 2004 (Heilongjiang Provincial Bureau of Statistics 2004) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10    Nitrogen fertilizer usage in Asia and the world. 
Source: FAOSTAT Home Page (FAO 2004) 
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Figure 11    Major river basins in continental Asia (River basin data is cited from the TRIP data (Oki and Sud 1998) 
and is modified) 
 
 
Table 2    Typical rice-cropping seasons. Information was obtained from Crop and Grassland Service (2000) and 
World Agricultural Outlook Board (World Agricultural Outlook Board 1994) with modification. 
 
Country or Region First Rice-Cropping Season Second Rice-Cropping Season 
Bangladesh May - October January - April 
Cambodia July - October December - April 
Northern Part of China May - August - 
Southern Part of China March - June July - October 
India May - October January - April 
Laos July - October - 
Malaysia October - December - 
Myanmar July - October December - April 
Nepal July - September - 
Pakistan June - September - 
Thailand June - September November - March 
Vietnam June - September January - April 
* The northern part of China is defined as the region north of the Chang Jiang River, and the southern part of China as 
the region south of the Chang Jiang River. 
 
 
Table 3    Changes in nitrogen load from arable land and humans from 1970 to 2050. The amount of nitrogen 
discharged from arable land and (/) that from humans are listed in each column. The amount of nitrogen is expressed in 
units of 1,000 ton N. 
 
River Name/ Country 1970 2000 2030 2050 
Amur/ China and Russian Fed. 103/ 137 1,386/ 304 3,227/ 450 3,277/ 466 
Huanghe/ China 157/ 233 2,125/ 516 4,951/ 765 5,028/ 790 
Chang Jiang/ China 563/ 908 7,633/ 2,014 17,778/ 2,982 18,054/ 3,082 
Xi/ China 113/ 184 1,527/ 408 3,562/ 604 3,630/ 625 
Red/ China and Vietnam 29/ 58 368/ 137 938/ 207 1,167/ 237 
Mekong/ China, Laos, Cambodia and Vietnam 22/ 159 790/ 306 2,214/ 481 2,831/ 559 
Chao Phraya/ Thailand 0/ 66 336/ 136 776/ 181 892/ 196 
Irrawaddy/ Myanmar 2/ 75 34/ 229 124/ 299 172/ 342 
 
 
 
(a) Nitrogen load         (b) Nitrogen concentrations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12    Impacts of food production to water quality in Asia; (a) Nitrogen load (t year-1), and (b) nitrogen 
concentrations (NO3-N ppm). 
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